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ARRAYS OF MATERIALS ATTACHED TO A of A^^s from tbc rcacto system, selectively acdvadng 

g^jggYRATE translation stage, and selectively illuminating the sub- 

strate so as to form a piurality of diverse polymer sequences 
CROSS REFERENCE TO RELATED . on the substrate at pccdctcnnincd locations. 

APPliCATIONS 5 The inventioa also provides a technique for selection of 

^,ro f K- linker molecules in a vciy large scale immobilized polymer 

This appUcatioo is a division of US. patent ^ca&on (VLSIPS™) method. According to this a^ of 

Ser. No. 08/390272, filed Feb. 16. 1995, now VS. PaL No. -^^^^^ the invention provides a method of saccning 

5,489.678, which is a continuation of ILS. patent ^^^on ^ ^^^^^^^ f cr use in binding affinity 
Ser. No. 07/624,120. filed Dec 6. 1990; now abandoned, ^ ^y^^^ inventioVkcludes the steps of forming a 
which is a continuation-in-part of U^. patent appUcmon ^ substrate in selected 

Ser. No. 07/492.462, filed Mar. 7. 1990, now U S. Pat. No ^^ .^ ^ ^y the steps of recur- 

5.143,854, which is a contmaation-m-p^ of U^;^?^^ sivelyionasurfaccof a substrate, irradiating a potion of the 
appUcation Sex. No. 07/362,901, filed Jmu 7, 1989, now ^^^^ ^ protective group, and contact- 

abandoned, and hereby inccapo-ated hcrcm by reference t<y ^^ ^^ ^ monomer. conUcting the fduraHty of 

aU purposes. This ^Uc^on is aUo a conto^ linker polymers with a Hgand; and contacting the Ugand with 

of U.S. patent ^jplication Set No. 08/456,887, filed Jun. 1, ^ ubekd receptor 

1995. which is a division of ITS. According to another aspect of the inventioa, improved 

07/954,646. filed Sep. 30 19^ i Wh™ ^ISo! phot^3)le protectiv^W « provided Ac^ 

934, which is a division of patent aH,hc^^ 20 ^ this aspect ofSe inveSoTa coWound having the 

07/850356. filed Mar. 12. 1992, now U.S, PaL No. 5,405, ^ ^ ^ 

783 . which is a division of U.S. patent appUcation Ser. No, loauma. 
07/492,462, filed Mar. 7, 1990, now U.S. Pat. Sen Na 
5,143,854. whidi is a continuation-in-part of U.S, patent 
a^lication Ser. No. 07/362,901 filed Jon. 7, 1989. now ^ 
abaodoDed. 

This application is also related to U.S. patent plication jtr^^^'^^i^^^^^^ohu 
Ser. No. 08/670.1 18 filed Jun. 25, 1996. which U a division J 
ofU.S.palcnt^UcationSet.No.08/168,104,filcdDcc. 15, o^* 
1993. which b a continuation of U.S. patent i^jplicationScL 30 

Na 07/624.114. filed Dec 6, 1990. now abandoned, and wherein n=0 <x 1; Yis selected from&e group consisting of 
U.S. patent appHcatioQ Sec No. 07/626,730, filed Dec 6. ^ ciygcn of the carbo3Qrl group of a natural or unnatnral 
1990, now U.S. Pat. No. 5347,839, and also incoiporatcd imino add, an amino group of a natural or unnatural amino 
hcrciji by reference for all purposes. acid, or the C-5' oxygen group of a naniral cr imnatoral 

35 dcoDcyribonudeic or libonndeic add; R^ and R^ indcpcn- 
COPYRIGHT NOTICE ^^^^ ^ ^ hydrogen atom, a lower altyl aryl, beniyl, 

A pcrtion of the disdosure of this patent document halogen^ hydroxyL alkoxyl 
conta^muerial whidi is subject to cop^t pcotcctiorL carb^L ^^^^^T^- ^^^^ 
The copyright owner has no objecdon to the facsimile fnd R' u a alkoxy. alkyi, aryL hydrogen, or aUcenyl group 

reproducdonbyanyoneof^e^t ^ " ^^S^ntion also provides imfcoved masking ted.- 

disclos^e as a w«rs m a^T^l^kO^ ^ Vl^IPsSr^oZ^ccon^ to one 

patent ^e or records, but otherwise reserves all copyngtit 4 tedmique, the iirvention provides an 

ngbts whatsoever. ordered cocthod for forming a pluraUty of polymer 

BACKGROUND OF THE INVENTION 43 sequences by sequential addition of reagents conyrising Ac 

step of serially protecting and depro t feting portions of the 
The present invention relates to the fidd of polymer plurality of polymer sequences for addition of other poctioiis 
synthesis- More specifically, the inventioa provides a re*(lor ^ polymer sequences "<mg a binary synthesis strategy, 

system, a masking strategy, pbototcmovable protective Improved daU collection cqu%Hacnt and techniques arc 
groups, data collection and processing techniques, and appli- ^ provided. According to ooe etbbodiment, the instru- 
cations for light directed synthesis of diverse polymer mentation provides a system for determining affinity of a 
sequences on substrates. receptor to a ligand comprising: mcaiu for applyii^ ligjit to 

,^,^^vT a surface of a substrate, the substrate conoprising a plurality 

SUMMARY OF THE INYENHON ^ ^ predetcrmmed locadons . the means foe provid- 

Methods. apparatos, and compodtions for synthesis and 33 ing annultancous Ohmriaation at a plurality of the predrter- 
nsc of diverse polymer sequences on a substrate are mined locatioas; and an array of detectors for detectin g light 
disdosed, as wcU as appHcations thereof. flooresced at the phmdity of predetermined locations. The 

Acccrfing to one aspect of the invention, an improved invention furdier provides for improve^ data 
reactor system for synthesis of diverse polymer sequences niques induding the steps <rf cxposmg fluorcsccntiy UbcUcd 
onasut^teisfroWdeiAcccrdingtothiserhbodimen^ 60 receptors to a substrate. Ihe substrate comprismg a p^ 
invention ttoWdesforareactocforcontactingreactionfluids of Uganda in regions at blown »<>^^J^ * f^^^f 
toasubstiSe;asystemforddiveringsdectedreactioQfluids ^ata cdlcction pomu wtthm ea^ 
to the reacti a translation stage for moving a mask cr ing an amount of Ught fluowccd torn 
«^bstrate from at least a first relative location relative to a points ; removing..the data coHe^oo pomts deviating^ from a 
seoondrdativelocation;aHghtforiUuminatingthcsubstrate 65 predeteaninbd statistical distribution; and detenninii^ a 
^uSi Tmai at select times; and an appropriately rdative binding affinity of the receptor to remaimng daU 
programmed distal coirput^r for sdcctivdy dircding a coUcction pomts. 
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Protected amino »dd N-carboxy anhydrides f or U5c in 
polymer synthesis are also disdosed According to this 
aspect, the inventioa provides a compound having the for- 
mula: 



:o 



where R is a side chain of a Dataral or unnatural amino acid 
and X is a pbotoranovablc protecting group. 

A further iindcrstanding of the nature and adv&ntagcs of 
the invcnlions hadn may be realized by rcfacacc to the 
rcmaimng portions of the spedficadon and the attached 
drawings. 

BREEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates li^t-dirccted spatialiy- 
Addrcssable paralld chemical synthesis; 

FIG. 2 sdicmatically illustrates one n ample of ligjit- 
dxTcctod pcpdde synthesis; 

FIG. 3 is a three-dimensional reprcscalation of a portion 
of the checkdbojiid array of YGO=L and(PGGFL; 

FIG. 4 schematically illustrates an autnmirrd system for 
synthesbdng diverse polymer sequences; 

FIGS. Ba and Sb illustrate operation of a program for 
pcdymcr sytheais; 

FIGS, fci and ttr arc a schematic illnstration of a '^pcre'* 
binary ina^Ving strategy; 

FIGS. 7a and 7^ are a schematic illustration of a gray code 
binary masking strategy; 

FIGS. 8a aod 8^ arc a schematic illustration of a modi^ 
gray code Unary misldng strategy; 
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B. Binary Synthesis Strategy 

1. Example 

2. Example 

3. Example 

4. Example 

5. Example 

6. Example . 

C linkEX Sdection 

D. ftotccdng Groups 

1. Use of Fhotortmovable Groups During Solid-Phase 
Synthesis of Peptides 

2. Use of Photoremovablc Groups During Solid-Ptiasc 
Synthesis of Oligonudcotidcs 

E, Amino Add N-Carboxy Anhydrides Protected with a 
Photorcmovable Group 

IV. Data Collection 

A. Data Collection System 

B. Data Aiolysis 

V. Other Representative Applications 

A. Oligonucleotide Synthesis 
I. Example 
VL ConcUtdon 

1 DEFTNinONS 

Certain rrm< used herein arc intended to have the fol- 
lowing general definitions: 

1. Complrmrntny: 

Refers to the topological compadbility or matching 
together of interacting surfaces of a ligand nooleculc and its 
rcccptoc Thus, the receptor and its ligand can be dcsadbed 
as complementary, and furthermore, the contact surface 
characteristics arc cosnplcrocntary to eadi otha. 

2. Epitope: 

The portion of an antigen molecule which is delineated by 
the area of interaction with the subclass of receptors known 
as antibodies. 

3. Ligand: 

A ligand is a molecule that is recognized by a pjoticular 



FKj. 9a schematically iQustratcs a ma firing scheme for a 40 receptor. Examples of Ugands that can be investigated by 



four step synthesis; 

FIG. 9b schematically iliustralcs synthesis of all 400 
peptide dimcrs; 

FIG. !• Is a coordinate map for the ten-step binary 
synthesis; 

FIG. 11 schcmaticaUy Illustrates a data collection sysicpi; 
FIG. 12 is a blodc diagram illustrating the architecture of 
the data coUcctioa system; 



this invention inrlndr, but arc not restricted to. agonists and 
antagonists for cell membrane receptors, toxins and venoms, 
viral epitopes, hocmoDcs. hormone receptors* peptides, 
cnzynaci, enzyme substrates, oofactocs, drugs (e.g. opiates, 
43 sicriods, etc.), lectins, sugars, oligonucleotides, nucleic 
adds, oligosacdurides, proteins, and monodonal antitxxl- 
ics. 

4. Monomer. 

A member of the set of small molecules whidi can be 



FIG. 13 is a flow chart illustrating operation of software yj joined together to form a polymer. The set of xikoaomers 



for the data collection/analysis system; and 

FIG. 14 illustratcs a thrce-dimcaiional plot of intensity 
versus poaitioo for light directed synthesis of a dinuclcotide. 

DESaUFnON OF THE PREFERRED 35 
EMBODIMENTS 

COKTENTS 

L Definitions 

n. General ^ 

Deprocection and Addition 

1. Example 

2. Exan^)le 

B. Antibody recognition 

X. Example 65 
IIL Synthesis 

A. Reactor System 



indudcs but is not restricted to, for cxaiDplc, the set of 
common L-amino adds, the set of D-amino adds, the set of 
synthetic amino adds, the set of nucleotides and the set of 
pentoses and hexoies. As used herein, monocc&rs refers to 
any racmbcr of a basis set for synthesis of a polymer. For 
exan^lc, dimcrs of the 20 naturally occurring L-amino adds 
form a basis set of 400 roonon^ers fa synthesis of polypep- 
tides. Different basis sets of monomers may be used ac 
successive steps in the synthesis of a polymer. Furtbermoce, 
each of the sets may include protected members which are 
modified after synthesis. 
5. Pqjtide: 

AiJolyzncr in whidi the mooomcrs arc alpha amino adds 
and which are joined together through amide bonds and 
altemstivdy rcfeired to as a polypeptide. In the oontcxt-of 
this specification It should be appreciated that the amiao 
adds may be the Lroptical Isomer or the D-optical isomer. 
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Peptides are oftca two or more amino add monomm long, 
and often more t^^ag 20 amino acid monomers long. Stan- 
dard abbreviations for amino adds arc used (e.g.. P for 
proline). These abbreviations arc included in Strycr. 
Biochemistry. Third Ed., 1988. wKdi is incoqwratcd herein 
by reference for all purposes. 

6. Radiadon: 

Energy which may be selectively applied induding 
energy having a wavelength of between 10"^'* and ICr 
mctas induding, for cxan^lc, dectron beam radiation, 
gamma radiation, x-ray radiation, ultraviolet radiation, vis- 
ible H^t infrared radiation, microwave radiation, and radio 
waves, "irradiation** refers to the application of radiation to 
a surface. 

7. Receptor. 

A molecule that has an affinity for a given Ugand. Recep- 
tors may-bc natnrally-ocaining oc manmade molecules. 
Also, they can be employed in tiicir unaltered state or as , 
aggregates with other spcdcs. Receptors may be attached, 
covalently or noncovalently. to a binding member, dther ^ 
directly or via a specific binding substance. Exan^jles cf 
receptors which can be employed by this invention inchade, 
bat are not restricted to, antibodies, cell jnerobranc 
receptors, monoclooal antibodies and antiscra reactive with 
specific antigenic determinants (sndi as on virxiscs, cdls or 
other materials), drugs, polynucleotides, nucldc adds, 
peptides, cofactors, lectins, sugars, polysacchaiidcs, cells, 
cellular membranes, and organelles. Receptors are some- 
times referred to in the art as anti-ligands. As the term 
receptors is used herein, no difference in meaning is 
intended. A ligand Receptor Pair^ is foancd when two 
macromolecules have combined through molecular rccog- 
nitioo to form a complex. Other examples of rcccptOTS which 
can be investigated by this invention indude but arc not 
restricted to: ' 

a) Microorqanism receptors: 

DctcnninatioD of ligands which bind to rec«^ocs, such 
as specific transport proteins or enzymes essential to 



c) Catalytic Polypeptides: 

Polyrncrs, preferably polypqjtides. which arc capable 
of prorooting a chemical reaction involving the con- 
version of one or more rcactanis to one or more 
products. Such polypeptides generally indude a 
binding site specific for at least one rcactanl or 
reaction intermediate and an active functionaKty 
. . proximate to the binding site, wMcb functionality is 
ca^wible of d>emically modifying Gie bound rcactanL 
> C^alytic polypeptides are described in, for example, 
U^. PaL No. 5,215,899, whidi is incorporated 
herein by reference for all purposes, 
f) Hormone rec^jtors: 

Examples of bcrmoaes receptors indude, eg., the 
receptees for in<tuHn and growth hormone. Determi- 
nation of the ligands which bind wiEh high affinity to 
a receptor is useful in the devdopmcnt of , for 
cxan^e, an oral r^laccmcnt of the daBy injections 
wMch diabetics must laloe to relieve the synqXoms of 
diabetes, and in the other case, a replacement for the 
scarce human growth hormone whidi can only be 
obtaiDed &om cadavers or by recombinant DNA 
tedmdogy. Other exanqies are the vasoconstrictive 
honnooc receptors; determination of those Ifg an ds 
whidi bind to a receptor mjy lead to the dcvdop- 
mcni of druigs to control blood pressure. 

g) Opiate reccpCors: 

Dctomiimion of Hgands which bind to the opiate 
xcccptors in the brain is useful in the devdopmcnt of 
less-addictive rq)lacemcats for motphine and related 
drugs. 
S. Substrate: 

A wmfrrijil having a rigid or acmi-rigid surface. In many 
. cmbodiracnts. at least one surface of tbe substrate will be 
33 substantially flat, although in some embodiments It may be 
desirable to physically separate synthesis regions for differ- 
ent polyrocrs with, for example, wells, raised regions, etched 
trenches, or the b'V^ According to other embodiments, small 
beads may be provided on the surf ace which may be released 
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30 



survival of microorganisms, is useful in developing ^ ^ 

a new of antibiotics. Of particular value would ^ upon completion of the synthesis, 

be antibiotics against opportunistic fungi, protozoa, g protective Group: 

and those bacteria resistant to the antibiotics in ^ jn»trri^} which is chemically bound to a monomer unit 

onrent use. and which may be removed upon sdective exposure to an 

b) Enzymes: activator such as dectromagnetic radiation- Examples of 
For instance, one type of receptor is the binding site of 43 protective groups with utility herein indude those conqxis- 

cnzymes such as the enzymes responsible for deav- jng mtropipcronyl, pyrenylmethoxy-carbooyl, nitrovcratryL 

ing neurotransmitters; determination of ligands nitrobcnzyl, dimethyl dlmcthoxybcnzyl, 5-bromo-7- 

which bind to certain receptors to modulate the nitroindolinyl, a-hydroxy-a-mcthyl cinnamoyl, and 

action of the enzymes which deavc the different 2-oxymcthylcne anthraquinoDe. 
neurotransmitters is useful in the devdopmcnt of 50 10. Predefined Region: 

drugs wfaidi can be used in the treatment of disorders a predefined region is a localized area on a surface which 

of neurotransmission. is, was, cr is intciKlrd to be activated for formation of a 

c) Antibodies: polymcc The predefined region naay have.^ convenient 
For instance, the invention may be useful in invcsti- shape, c.g., circular, rectangular. dl^caL wedge-sh^>cd, 

gating the ligand-binding site on the antibody mol- 55 etc. For the sake of brevity herein, •^predefined regions'* are 

ocule which combines with the epitope of an antigen sometimes referred to sinq>ly as "regions.- 

of interest; dctcrmimng a sequence that mimics an 11. Substantially Pure: 

antigenic epitope may lead to the-dcvdopmcnt of Ap<^ymer is considered to be "substantially pure" within 

vaccines of which the immunogcn is based on one or a predefined region of a substrUe wbcn it exhibits diarac- 

more of sudi sequences or lead to the devdopmcnt 60 teristics that distinguish ii fipom other predefined regions, 

of related diagnostic agents or coii9>ounds useful in T^picaUy, purity win be measured in terms of biological 

ihcrapcnric treatments such as for auto-immune dis- activity or function as a result of unifocm sequence Such 

cases (eg., by blocking the binding of the "self characteristics will typically be measured by way of binding 

antibodies). * selected, ligand or receptor, 

d) Nudcic Adds: " 12, Activator refcr^ to an energy source ad^rtcd to render a 
Sequences of nuddc adds may be synthesized 10 group active and whidi is directed from a source to a 

establish DNA or RNA binding sequences. predefined location on a substrate. A primary illustraaon of 
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«.ctrv«tocUli«htC)eierex*inpl«of »ctiv»toniadudeion Afur deprottOSon. a first of a »«of l«ading Uoda 

n BiLry Synthesis Strategy refers to an ordaxd strategy of tbc substrate and it reacts widi rc^os that were 
fa twraUcl synthesis of diverse potymer sequences by 5 addressed by K^t in tiie preceding step. The substrate js 

seqacrfial addition cf reagents which may be rcpccscnted by then iUuminatcd through a second mask 46. which activates 

treactant matrix, and a switch mattix, the product of which another rc^on foe reaction with a second protected bmlding 

is a product matrix. A reactant matrix is a Ixn matrix of the ^y^^^ -pje pattern of masks used in these iUuminatioas 

building Hocks to be added. The elements of the switch sequence of reactants define the ultimate products 

matrix are tonary numbers. In preferred embodiments, a locations, resulting in diverse sequences at prc- 

hiniry strategy is 00c in which at least two succcsavc steps ^^^^ locations, as shown with the sequences ACEG and 

niuminatc half of a region of interest on thc^ substrate. In ^j^^jj y^^^ portion of FIG. 1. Preferred cmbodi- 

mott preferred cnnbodimcnts, binary syn&esis rcfen to a ^ invention take advantage of combinatodal 

synthesis strategy which also factors a pre\iocs addition ^^^5^5^12 strategics to form a large number of coaqwunds in 

st^. Foe cxaii?>le. a strategy in which a switch i^atnx » ^ ^ ^.^^ ^ chemical steps. 

milking strategy halves regions that were P^viously ^ rmniaturization is possible because the 

iUuminated, iUuminating about half of *<;P^.^^^^ denrf^f coii5>ounds is determined largely with regard to 

xninatedregionandprot^tmgAeK^ 3 addrcsSty of the activator, in one case the dif- 

protecting abom half of I^vioasly prote^re^c«5^^^^ Kn^fS^lSch compound is physicaUy accessible 

^l^o^^Si^^onlya^Sonofa^iHte spatially-^^sable and its mteractions with other mol- 

-,iKt*^*vi tA « Krvarv scheme but will still be cculcs can be assessed. 

a'^tL^TSaS^s;*^ within the In a partioUar eo^nt shov^^^^ 

SSTb^ A t^-mlSdnr strategy is a binary contains amino groups that are Uocked wUh « Ph^olabUe 

svnthcsis which uses light to remove protective groups from ^ protecting group. Amino add sequences are ma<3c acccssipic 

injktcrials for addition of other maieriah such as amino adds. cocpUng to a receptor by removal of the photopcotcctive 

In preferred embodiments, selected columns of the switch groups. 

maMx arc arranged in order of increasing binary numbers in y^^^ , polymer sequence to be synthesized is, for 

the cohumis of the switdi matrix. cxainple. a polypeptide, aimno groups at the ends <rf linkers 

14. y inVif refers to a molecule or grocp of molecules ^ attached to a glass substrate are dcrivatized with nitrovcr*- 

amichcd to a subitntc and spacing a synthesized polymer tryloxycarbonyl (^3VOQ. a pbotorcmovablc protecting 

from the substrate foe exposure/binding to a receptor. ]inVrr molecules may be, for example, aryl 

XL General acetylene, ethylene glycol oligomers containing from 2-10 

rt«it^<nV< w mooomcrs, diamines, diadds. amino adds, Cff cocnbioitions 

£S?c P^otoSSlc pccccting groups. >ni substrate through, for cxai^lc a ^Tc ^^^J^^^ 

thawK«hy « brought togaha to .chieve light- h*s traBsparal regions ^ toea«oas of. 

™ic bo<h lii^xind cyclic polymers of nucleic acids. geom«nc configur^oos nuy be utilucd. 
polysacch«i<V..pbo^oBpi^^^ « t S^^S^plc of ti. invcr^doa. free amino gro^ .vc^ 

^^^^^^d SifSS^ ^ recog- 95% c^ol. «kJ incbaUd at U0» C 20 mu.^ 

'^1^. S^LiS^rherein are primarily with aminated «rf.ce of «Ude wa, theno^ to a 30 mM 

C to nSmI snibtni. bufthe invention solution of the N-hydroxysoconumdc eaorof NVOC- 

!^^^^lv iTtoG-tcnninal xynthois GABA (mtrovcntryloxycaibonyl-x-amino butync «d) in 

could re»dily be ippiiea to rt lo kxuuu^ j x mvot nrotectinfl sroup was photolytically 

wittK,ut deputing fijm die .«Ve of the mvcnuoo. « 

^S^Uv'itn^anuslcedKgh.socrceoro^^ ."lome on glass 100 .^droWi^o^ 

J^^^^taneous synTsis of many dif- the substrate for 20 min « P°^«^"^f HT^^^i^ 

soUd 'W.t Z Apau^ of inununadon an^^^ t^'^TZ^^^Tc^'^^o^^^^^ 



the substrate. 
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ence of a hidi-oontrast fluoresctnt ehecketboanl pittcnj of mean intensity of sixteen YGGFL synthesis sites ^as i03 x 
100x100 Jim elements revealed that free amino groups were 10* coums and the sundard deviation was 9.6x10^ counts. 

generated in specific icpons by spatiaUylocalized photo- jjl Synthesis 

dcproiection. A. Reactor System . 

2. EXAMPLE 3 piQ_ 4 schematically illuscrates a device used to synthe- 

FIG. 2 is a flow eiart illustiating anotha example of the size divenc polymer sequences on a substrate. The 
invention. Catbojcy-activatcdNVOC-leDcine was allowed to sobstratc. the area of synthesis, and the area for synthesis of 
react with an aminated substrate. "Die caiboxy activated cadi individual polymer could be of any size or shape. For 
HOBT ester of Icadne and other amino acids used in this : exan^de. squares, ellipsoids, rectangles, triangles, drdes. or 
synthesis was formed by mijdng 035 mmol of the NVOC lO pcstions thereof, along with uicgular geometric shapes may 
amino protected amino acid with 37 mg HOBT be utilized. Duplicate synthesis areas may also be ^ed to 
(l-hydroxybenzotriazde). Ill mg BOP (benzooiazolyl-n- a angle substrate for purposes of redundancy, 
oxy-tris (dimethylamino)-phosphoniumhexa- In one embodiment, the predefined rc^ons on the^sub- 
fluorophosrfiatc) and 86 DIEA(diisoprc]pylethylamine) in strate win have a surface area of between about 1 cm and 
2 5 ml DMF.Thc NVOC protecting group was removed by IJ ir'W. In some embodijMnts the regiMs have areas of 
uniform Ulumination. Carboxy-activated NVOC- l«s tbanab<xit irW, l(r» cm , lOr cm .^ir* 
phenylalanine was coupled to fee exposed amino groups for cmMa* cm', KT'cm . lO"* cm . 10 cm* or 10" on'. 
2hours at room ten^erature. and then washed wifli DMF In a prcfcned embodiment, the lepons are between about 
and methylene chloride. Two unmasked cycles of photo- 10x10 jun. 

deprotection and coupling with carboxy-activated NVOC- 20 in some embodiments a single substrate suppwts 
dycinc wac carried ouL The surface was then illnminated than about 10 different monomer sequences and peifcrably 
ftrough a chrome on glass 50 »il chcckaboird pattern mast more than about 100 different moDomer i^^'^. 
Carboxy-activated No-tBOC-O-tButyl-L^yroane was then in some embodiments more than about wr, Itr, Itr, lU , 
a ^M>^ The entire surface was unifoonly flluminated to 10\ Of 10' different sequences are provided on a wtetraie. 
photolyze the remaining NVOC groups. Finally, earboxy- M Of course, wilbin a re{pon of *^«V*'*^^L!LTT,k* 
activated NVOC-L^)ndine was added, the NVOC group moooiacr sequence u syDthesuxd, it is preferred ttiat the 
was removed by iUumination, and the t-BOC and t-butyl monomer sequence be substantially pure. In some 
protectinggroupsweicrimovedwithTFA.Afterremovalrf embodiments, regions c< »"»f^~^,P°*y^ 
tee protecting groups, the surface consisted of a 50 jm» »«in«ces which are at tost about l%j5^ 
chectebo«d Sray of lyr-Gly-Qly-Phe-Leu (YGGFL) 30 25%. 30*. 35*. 40*. 45*. 50%, €0*. 70*, 80*. 90%. 
(Seq.ID No:l) and PixvGiy-Gly-Phe-Leu (PGGFLXSeq.ID 93%. 96%. 97%. 98%. or 99* P«=-TJ= -^vice includes an 

automated peptide synthesizer 4»L The automated peptide 

B Antibody Recognition " syntherizer is a device which flows selected reagents 

'in one referred embodiment the substrate is used to throu^ a flow ceU 4#2 under the direction of a .compute 
determine which of a plurality of amino acid sequences is J5 404. In a preferred cnix)dimcnt the syntbesuer u an ABI 
recognized by an andbody of interest Peptide Synthesizer, model do. 43 lA.The con^Httomay be 

1 BCAMPUE selected from a wide vanety of computtrs or disoxte logic 

In one example, the array of pentJ5>qjtides in the exanqile induding for. cxan^ile, an IBM PC-AT or similar conqiutcr 
iUustrated in HG. 2 was probed with a mouse monodonal linked with appropriate internal conm)l systems m &e 
antibody directed against p-endocphin.niis anaTxxly (called « peptide synthesizer. THe PC is provided witii 
3E7) is known to bind YGGFL and YGGFM (Seq. ID the board computer indicative of. for example, the end of a 
No:21) with nanomolar affinity and b discussed in Moo et coupling cycle. „ » • 

aL. Prvc NatL Acad. Sei. USA (1983) 80:4084. whidi is Substrate 4«6 is mounted on the flow etn. f oaiung a 
incorporated by reference beiein for all purposes. Ilus cavity between the substtate and &e flow odL Sd^d 
antibody requires the amino texminal tyrosine for high « reagents flow through this cavity from the p^dc synthe- 
affinity bindhig. The array of peptides formed as described sizer at sdected times, foamng an aaay of p^tid^ on fte 
in HG. 2 was incubated with a 2 jigAnl mouse nionodonal face of the substrate in the cavity. Mooted above the 
antibody (SET) known to recognize YGGFL. 3E7 docs not suhsttate. and prcfmbly in cont«i with fte « « 

WndPGOTLAsecond incubation with fluorescdnated goal mask 4«8. Mask 4W is transparent m sdected regions to a 
anti-mouseantibodyUbdedtheiegionsthatbound3E7.-n.e so sdected wavdength of light Md is op-jue m othffregio^ 
surface was sc^ed with «i epi-fluorescence microscope. to tte *d«ted wavdength d^UghLThe r^^ 
The results showed alternating bd^t and dark 50 pm with a light source 41» sudi as a UV source. In one 
square, indicating that YGGFL and PGGFL were synihe- specific embodtoent &e light source 4ia U * 

in geometrk array determined by the mask. A high 82420 made by Orid. The mask « hdd ««1 ^ 
contrast (>12:1 intensity latio) fluorescence dieektrboard 55 x-y-z translation sojge 412 sudi as « '^^rtc-idatio^ 
^ge shLsthat(a)YGGFLaiKlPGGFLweiesynthesized made by Newport Corp. Tlie compute coordmatesj^on^^^ 
in dtcmate 50 jun s<iu««. W YGGFL .««hed to the the pq«idc synthesizer, x-y truisltion stage «xl Ught 
surface is acces^e for binding to antibody 3E7. and (c) source. Of course, tbc invention m^ used in some 
^bSy3E7 does not bindt»PGGFU embodiments with translation of the substrate mstead of the 

A three-dimensional reiireseutation of the fluorescence to mask. .. ^ . 

intensity data in a portion^ the cbeckboard is shown in no. In operation, the substrate u °°J*f 

^ Tliis figure *o^t border between synthesis sites cavity. The sUde. with its surface Pf o««^^ * J 

U sharp The hdght of eadi spike in this dispUy is linearly • photo removable protective group, is ^ at 

=^So?d trfte integrated flu«scenceta«sh^ in a 2,5 sdeded loc^ions by i«sidomng the m«k •«» O^^J 

SnpUd. The transition between PGGFL and YGGFL « the light source f* a des«d penod «• «^ 

ora)b within two spikes (5 pm). Hiere is little variation in example. 1 sec to 60 mm in the case of peptide synthois). 

^.^sTnatotensity of Cerent YGGFL squares. The A sdected peptide orother monomer/polymer is pumped 
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Ihrourfj the reactor avity by the peptide synthesizer for in a synthesis region. A subsaate formed with mixtures of 

H noting It the sdected locations on the substrate. After a compounds in various syn&esis regions may be used to 

selected reaction time (sudi IS about 1 sec to 300 min in the peifonn, for exanyle. an initial scrcenii^ of a Urge number 

case of peptide pactions) of the monomer is washed from ^ compcond^ after which a analla n^ "TZ^ 

the sys^ tbi mask is apf^opriately repositiontd or 3 " reg»ons which erfubit high biodmg affinity arc tether 

S^"d the cydc is rq^Tln most embodiments of ^^fh '""^^.'^'^ ^ 

Sr^"iurealc«sm?te«nducted at or near ambient f^J'^^^^ f^^'S^^S t? a^^^ 

^ ^ the same rcigioa, and ocposing tnc region to a secona 

toipcraturc _ mooomcr 

HGS. 5a and art flow charts of Ac software used in ^ Synthesis Strategy 

operation of the reactor system. At Sicp S^2 ttic peptide lo ^ ^ H^t-dircctcd chemical synthesb. the products 

synthesis software is initialized. At step 504 the system fcamcd dc5>cnd on the pattern and order of masks, and on the 

calibrates positioners on the x-y translation stage and bcgiiis ^ rcactants. To rn^V" a set of products fccrc wiU in 

a main loop. At step 5*6 the system determines which, if gcocral be "n** possiUc masking schemes. In preferred 

any, <f the functioo keys 00 the con^Hitcr have been pressed. cnixxiimeats of the invention herein a binary synthesis 

If Fl has been pressed, the system proDDpts the user for input 15 stratcgy4s utilized The binary synthesis strategy is illus- 

of a desired synthesis process, ff the usa enters F2. the trated herein primarily with regsrd to a masking strategy, 

system allows a user to edit a file for a synthesis process at tlthouj^i il will be applicable to other polymer synthesis 

Step 510. If the user enters F3 the system loads a process strategies such as the pin stratqiy, and the like, 

from a disk at step 512. If the user enters F4 the system saves jjj ^ binary synthesis strategy, the substrate is irradiated 
an entered or edited process to disk at step 514. If the user 20 -^th a first niask. exposed to a first building Wock. irradiated 

selects FS the current process is displayed at step 51^ wtrile second masJc exposed to a second building block, etc 

selection of F6 starts the main portioa of the program, Le., g^rt^ oon^binadon of masked irradiation and exposure to a 

the actual synthesis according to the selected process. If the builcJing block is referred to herein as a **cydc- 

usa selects F7 the system displays the location erf the preferred binary masking scheme, the masks for each 
synthesized peptides, while pressing Fl* returns the nscr to 7S ^yj^e ^^w zzradiation of half of a region of interest on the 

the disk operating system. substrate and protectioa of the remaining half of the region 

FIG. StfllQStratcs the synthesis step 518 in greater detail intaest By *liair it is intended herein not to mean 

The main loop of the program is started in which the system exactly one-half the region of interest, but insTrad a large 

first moves the m*<^ to a next position at step S26, During fraction of the region of interest such as from about 30 to 70 
the main loop of the program, necessary dicmicals flow 30 percent of the region of interest It will be understood thai 

through thereacdon cell underthe direction of the oo-board gQjjj^ ma^Hng scheme need not take a binary form; 

computer in the pqidde syntbesizoc At step 528 the system instead non-binary cydcs may be introduced as desired 

then waits for an exposure command and, upon rcccqH of the between binary cycles. 

exposure command exposes the substrate for a desired tirne preferred embodiments of the binary masking scheme, 
at step 530. When an acknowledge of exposure conq)lctc is 33 ^ given cydc iUuminatcs only about half of the region which 

received at step 532 the system determines if the process is illmniniLcd in a previous cyde, while protecting the 

complete at step 534 and, if so, waits for additional keyboard remaining half of the niinrrinafrd portioa from the previous 

input at step 536 and, thereafter, exits the perform synthesis cydc. Conversdy* in such preferred embodiments, a given 

process. cyde illnminatrs half of the region whkh was protected in 

A oonqxitcr program used for operation of the system previous cydc and protects half the region which was 

described above is indudcd as microfiche Appendix A protected in a previous cycle. 

(Copyri^ 1990. Affymax Technologies N.V., all righu •fbc synthesis strategy is most readily Ulustraled and 

reserved). The program b written in Turbo C-H- (Borland handled in matrix notation. At each synthesis site, the 

Int'l) and has been implemented in an IBM compatible dctctminadon of whether to add a given mooomcr is a biaary 
system-Tbc motor control software is adapted from software 43 process. Therefore, each product elenaent is given by the 

produced by Newport Corporation. It will be recognized that ^ pcxxhct of two vectors, a chemical rcactant vector, e,g., 

a Urge variety of programming languages could be utilized 0(AJB,CJ)]. and a binary vcctcr Oy- laspcction of the 

without departing firom the scope of the invention herein. prodocts in the example below for a four-step synthesis. 

Certain calls are made lo a graphics program in *Ttogram- jhows that in one four-step synthesis c/«[l,Otl,0], O2»[1.0, 

mer Guide to PC and PS2 Video Systems" (WUton, 30 q jj^ Oj^lO.l.l.O], and C4=10.1,0,11. where a 1 indicate^ 

Microsoft lYess, 1987), whidi is incorporated herein by illumination and a 0 indicates protection. Therefore, it 

reference for aU praposes. becomes possible to build a **jwitch matrix^ S from the 

Aligmncnt of the masku achieved by one of two naethods column vectors Oy 0= IJc where k u the number cf products), 
b pcefecrcd embodiments. In a first embodiment the system 

rcUcs upon relative ■^igtirtv^t of the various components, 33 ot 03 o 04 

which is normally accqKaWc since x-y-z translation staga 1 i 0 0 

arc capable of safSdent accuracy for the purposes herein. In ^ ^ ^ 

alternative embodiments, alignment madcs on the substrate 1010 

are coupled to a CCD device for appropriate alignmenL 0101 

According to some embodiments, pure reagents are net 60 
added at stro. or cocapicU photolysis of the protective 

groups is not provided at each step. According to these The octoomc P of a synthesis b simply P*CS, the prodnct 

embodiments multiple products wiU be formed in each of the chemical reactant matrix and the switch matnx. 

synthcsU site! For cxanqile, if the monomers A and B are The switdi matrix for an n-cyde synthesis yielding k 

mixed during a synthesis step. A and B wiU bind to depro- 63 products has n rows and k columns. An inqxjrtant attribute 

tccted regions roughly in proportion to thdr concentration of S is that each row specifies a mask. A two-dmvaiswnal 

in solution. Hence, a mixmrc of conq)ounds wiU be fooned mask no, for the jth chemical step of a synthesis is obtained 



( 



13 

directly from the jth row of S by planng the clancDts Sjt^ . 
. . into, for example^ a square format. The partioiUr 
arrangement below provides a square format although lin- 
ear cr other anangcmeots may be utilized. 

'11 *U ^li 

Ju *a JB ji* i;i jfi 
S - ny = 

^1 *3J U ^J* '> 

'*! 1<2 x« la 



5,744,305 , . 

locations on the stibstratc arc simply defined by the columns 
of the switch matrix (the first column indicating, for 
cxairq>lc thai the product ABCD will be present in the upper 
left-land location of the substrate). FunhennOTc, if only 
5 selected desired products are to bc-znade. tbe xnaslc sequence 
can be derived by extracting the columns with the desired 
sequences- .For example, to fonn the poxluct set ABCD, 
ABD. ACD. AD, BCD, BD, CD. and D. the masts arc 
fcamcdby use of a switch matrix with only the 1st. 3rd, 5th, 
10 7th. 9th. 11th, 13th, and 15th columns arranged into the 
switch matrix: 



Of counc. compounds formed in a lifijit-activated syn- 
thesis can be posztionod in any defined geometric array. A 
square or rectangular matrix is convenient but not required. 
The rows of the switdi matrix may be transf onncd into any 
convenient array as long as equivalent transfonnations arc 
used for each row. 

For example, tiie masks in the four-stq) syn^sts below 
are then denoted by: 



15 



1 1 



0 0 



I 0 



0 1 



20 



0 0 1 1 1 0 0 1 



where 1 denotes illumination (actrvatioa) and 0 denotes no 
illnrmnatfoa. 

The matrix rq^rcsentation is used to generate a desired set 
d products and product maps in prcfarod embodiments. 
Each coirpound is defined by the product of the chemical 
vector and a particular switch vector. Therefore, for each 
synthesis address, one simply saves the switch vector, 
assembles all of them into a switdi matrix, and extracts each 
of the rows to form the masts. 

In some cases, particular product distributions or a maxi- 
mal number of products are desired. For cxan^le^ for 
C=l AJB.CJO], any switch vector (Oy) consists of four bits. 
Sixteen four-bit vectors exist. Hence a maximum of 16 
different products can be made by sequential addition of the 
reagents [A3.CJ0]. These 16 column vectors can be 
assembled in 16! different ways to form a switch matrix. The 
order of the column vectors defines the rrusVing patterns, 
and, therefore, the spatial ordering of products but not their 
roatcop. One ordering of these cc^umns gives the following 
switch matrix (in which *iiull'* (6) additions arc indudcd in 
brackets for the sate of coa^lctcncss. although such null 
additions arc cbcwbcre ignored herein): 



25 



30 



33 



1 1 1 1 0 0 0 0 
110 0 110 0 
^^1 0 1 0 1 0 1 0 
11111111 

To form all of the polymers of length 4, the rcactant matrix 
[ ABCD ABCDABCDABCD)is used. The switch matrix will 
be fonr^from a matrii <^ the binary numbers from 0 to 2^^ 
arranged in columns. The columns having four monomers 
are than selected and arranged into a switch OAtrrx. 
Therefore, it is seen that the Hnsiy switch matrix In general 
win provide a rcprescntatk>n of all the products which can 
be made from an n-stcp synthesis, from which the desired 
products arc then extracted. 

The rows of the binary switch matrix wiH. in preferred 
embodiments, have the property that each masting step 
iHuminates half of the synthesis area. Each TnAtVing step 
also factors the preceding masting step; that is. half of the 
region that was tllumiaated in the preceding step is again 
illuminated, whereas the other half is doC Half of the region 
that was unilluminated in .the preceding step is also 
illuminated, whereas the other half is not. Thus, masting is 
recursive. The masts are constructed, as described 
previously, by extracting the dements of each row and 
placing them in a square amy. For example, the four mn^ts 
in S for a four-step synJdbcsis are: 



40 



1 
1 



1 1 
1 1 



43 



mi « im' 

0 0 0 0 

0 0 0 0 

110 0 



1111 
0 0 0 0 

1111 

0 0 0 0 
10 10 
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The cohmms of S according to this aspect of the invention 
are the binazy representations of the numbers 15 to 0. The 
sixteen products of this binary synthesis arc ABCD, ABC, 60 
ABD. AB. ACD. AC, AD. A. BCD. BC, BD. B, CD. C, D. 
and 6 (null). Also note that each of die switch voct<s^ from 
the four-step synthesis masts above (and hence the synthesis 
products) arc present in the four bit binary switch matrix. 
(Sec columns 6, 7. 10. and 11) 63 

This synthesis procedure provides an easy way fcff map- 
ping the completed products. The products in the vazicus 



The recursive factoring of masks allows the products of a 
light-directed synthesis to be represented by a polynomial 
(Some light activated syntheses can only be denoted by 
trredudble, ix,, prime polynomials.) For cxmzq)lc. the paAy* 
nomial coorespoading to the top synthesis of FIG. 9a 
(discussed below) is 

PKA+BXC +D) 

A reaction polynomial may be expanded as though it were 
an algdsraic expression, provided that the order of joining of 
reactants and is preserved (X^X^ ifiXOCj), ic, the 
products are not commutative. The produa then is AC+AD+ 
BC+BD. The polynomial c^^lidtly specifies Che reactants 
and inqtUdtly specifies the mast for c&di step. Each pair of 
parentheses dr'marratrs a xxMind of synthesis. The chemical 
reactants of a round (eg., A and B) react at Donovcilapping 
sites and hence cannot combine with one other. The syntbe- 



5.7^ 

15 

sis area is divided equally amxxigst the dements of a round 
(cg^ A is directed to one-half d tbc area and B to the other 
half). Heace, the masks foe a round (e.g., the masks m^and 
zriB) are orthogonal and form an crthononnal set. The 
polynomial notatioQ also signifies that each element in a 
round is to be joined to cadi element of the next round (e.g.. 
A with C, A with D. B with C and B with D). This is 
•cooir^jKshed by having m^ overlap m^ an m^ equally, and 
likewise for m^ Because C and D arc elements of a round, 
mc uid m£> are cstfaogonal to each other and fcm an 
crtfaoDomial set. 

The polynomial rcprescntatioD of the binaiy synthesis 
described above, in which 16 products are made from 4 
rcactants, is 

which gives ABCD, ABC, ABD, AB. ACD, AC. AD, A 
BCD, EC BD^ B, CD, C» D, and • when expanded (with the 
rule that eX«X and X9=:X. and rcmembciing that joining is 
ordere4). In a binary synthesis, each round contains one 
rcactant and one null (denoted by 0). Half of the synthesis 
area receives the rcactant and the other half receives nothing. 
Each mask ovalaps every other mask equally. 

Binary rounds and aoi>-binary rounds can be interspersed 
as desired, as in 

PKA+exBXC+MXB+P+o) 

The 18 con:^x>und3 formed arc ABCE. ABCF, ABCG. 
ABDE, ABDF, ABDG, ABE ABF, ABG. BCE. BCF, BCG. 
BDE, BDF, BDG, BE, BF, and BG. Tbe switch matrix S for 
this 7-stcp synthesis is 

1 1 1 1 I 11 1 I C 00000000 

1 1 1 I 1 1 I 1 1 1 1 1 I I 1 1 1 1 
1 i 10000001 1 1000000 

5^0 001 llOOOOOOll 1000 
100100100100100100 
OlOOlOOlOOlOOlOOlO 
OOIQOIOOIOOIOOIOOI 

The round denoted by (B) place* B in all products because 
the reaction area was unifocmly activated (the mask for B 
consisted entirely of Ts). 

The mimher of compounxls k formed in a synthesis 
oonsLsdng of r rouods. in which the ith round has bj dicmical 
reactants and nulls, is 

and the number of chemical steps n is 

Tbe number of coQ^Monds syotbcsizedwhen b=aand2^ in 
all rounds is a**^, conqxared with 2^ for a binaiy synthesis. 
For 0=^20 and »^5* 625 compounds (aU teciamcros) would be 
formed, oon^Mred with 1.049xl(/ oocqxxinds in a binary 
synthesis with the same number of chemical steps. 

Ii should also be noted that rounds in a polynomial can be 
nested, as in 

The products arc AD. BCD. BD, CD, D, A BC B. C, and 

e. 

Binaiy syntheses arc attractive for two reasons. First they 
generate the TnaTi'mjl number of products (2^0 for a given 
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number of chemical steps (n). For four reactants, 16 com- 
pounds arc formed in the binary synthesis, whereas poly 4 
arc made when each round has two reactants, A lO^stcp 
binary synthesis yields 1.024- congxwnds. and a 20-stcp 

5 synthesis yields 1.04S.576. Second, products formed in a 
binary synthesis arc a complete nested set with lengths 
ranging from 0 to n. AU ccnq>ounds that can be formed by 

..\ df.lrring one -or mote units from the longest product (the 
n-mcr) arc prcsenL Contained within the binary set arc the 
smaller sets that would be fontkcd from the same reactants 
using any other set of masks (e.g.. AC, AD, BC. and BD 
fcnoed in the synthesis shown in FIG. 6 arc present in the 
set of 16 fctmed by the binary synthesis). In some cases, 
however, the experinrymally achievable spatial resolution 
may not suffice to accommodate all the compounds f ccmed. 

^ Therefore, practical limitatioas may require one to select a 
particular subset of the possible switch vectors for a given 
synthesis. 

l.EXAMPUE 

FIG. ^ illustrates a synthesis with binary masking sdieme, 
20 Thebinary masking scheme provides the greatest number of 
sequences for a given number of cycles. According to tiliis 
embodiment, a mask ml allows illumination of half of the 
substrate. The substrate is then exposed to the bmlding block 
Af which binds at the illuminated regions. 
25 Tbcreifter, the mask m2 allows iUumination of half of the 
previously illuminated region, while protecting half of the 
previously iHnmrnatrfl region. Tbe building blockB is then 
added, which binds at the illuminated regions &om ml_ 
The process continues with ™<V< m3, m4, and mS, 
30 resulting in tbe product array shown in the bottom portioa of 
the figure. Tbe process generates 32 (2 raised to the power 
of the number of monomers) sequences with 5 (die number 
of monomers) cycles. 
Z EXAMPLE 

35 . FIG, 7 illustrates another preferred binary masking 
scheme which is refarcd to herein as the gray code ma^'ng 
scheme. According to this embodiment, tbe masks ml to m5 
are selected such that a side of any given synthesis region is 
defined by the edge of only one mask. The site at which the 

40 sequence BCDE is formed, fos* example, has its right edge 
defined by m5 and its left side formed by mask n>4 (and no 
other mask is aligned ou the sides of this siteX Accordingly, 
problems created by misalignment, diffusion of light imdcr 
the mask and the IDce will be Tninimi'T/-M 

45 3.exampi:e 

FIG. 8 illustrates another binary masking sdiemc. 
According to Ibis scheme, refcucd to herein as a modified 
gray code masking scheme, tbe number of masks Deeded is 
miniTnT7rd For cxan^le. the mask m2 could be the <^rn^ 
50 mask as ml and zinsply traoslsted laterally. Similady, the 
mask m4 could be tbc same as mask mS and simply 
translated laterally. 
4. EXAMPLE 

A four-step synthesis is shown in FIG. 9a, Tbe reactants 
55 arc the ordered set {A3.CJD}. In the first cycle, illumination 

through m^ activates the upper half of the synthesis area. 

Building block A is then added to give the distribution 6t2. 

Illumination through mask m, (whidi activates tbe lower 

half), followed by addidoa of B yields the next intermediate 
60 distiibutioa 6<M. C is added after illuminatioD through m^ 

(which acdvatcs the left half) giving the distribution 6#4. 

and D after illumination through tOi (which activates the 

right half), to yield tbe final product pattern 6t8 (ACAD, 

BC3D). 
65 5. EXAMPUE 

Tbc above masking strategy for the synthesis may be 

extended for all 400 d^>q}Cides firom the 20 naturally occur- 
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ring amino adds as shown in FIG. 9b. The synthesis consists of the controls needed to assess the fidelity <rf a synthesis, 

of two rounds, with 20 photolysis and chemical coupling For example, tbe fluorcsccocc signal from a synthesis area 

cycles per round. In the first cycle of round 1. mask 1 nominally containing a te trapcpcide ABCD could come from 

acdvatcs */2oth of the substrate for coupling with die first of a tr^)epd<lc deletion inqHirity sudi as ACD. Sudi an artifaa 

20 amino acids. Nineteen subsequent illmnination/ooupling 5 would be ruled out by the finding that the fluorescence 

cycles in round 1 yield a substrate consisting of 20 rcctan- intensity of the ACI>-sitc is less than that of the ABCD site, 

gular stripes each bearing a distinct member of the 20 amino The fifteen most highly labelled peptides in the array 

adds. The maslcs of round 2 arc perpendicular to round 1 obtained with the synthesis of 1.024 p^tidcs described 

masks and therefore a single illuminatioQ/coupling cydc in , aborye, were YGAFLS (SEQ. lb No:5), YGAFS (SEQ. ID 

round 2 yields 20 dipq)tidcs. The 20 illumination/coupling .lo No:6), YGAFL (SEQ. ID No:7),* YGGFLS (SEQ. ID No;8), 

cydcs of roand 2 complete the synthesis of the 400 dipep- YCiAF (SEQ. ID No:8). YGALS (SEQ. ID No:9). YGGFS 

tid«s. (SEQ. ID No:IO). YCiAL(SEQ. ID No:ll), YGAFLF (SEQ. 

6. EXAMPLE ID No:12), YGAF (SEQ. ID No: 13). YGAFF (SEQ. ID 

The power of the binary masking strategy can be apprc- No: 14). YGGLS (SEQ. ID No: 15). YGGFL (SEQ. ID 

dated by the outcome of a lO-stcp synthesis that produced 13 No: 16), SEQ. ID No:17), and YGAFLSF (SEQ. I fifteen 

1,024 peptides. The polyncHnial expression for this lO-stcp begin with YG, whidi agrees with previous wort showing 

binary synthesis was: that in amino-tcrrmnal tyrosine is a key determinant of 

4 IS other F ot L. The cxdnsion of S and T from these 
Each peptide occupied a 400x400 square. A 32x32 20 portions is clear cut The finding that the preferred sequence 
peptide array ( 1,024 pq)tidcs, induding the null pcpddc and is YG (AAj) (F/L) fits nicely with the outcome of a study in 
10 peptides of 1=1. and a Innitcd number of duplicates) was which a very large Hbrary of peptides on phage generated by 
dearly evident in a fluotcsccuce scan following side group recombinant DNA me&ods was screened for binding to 
dejxotcction and treatment with the antibody 3E7 and fluo- antibody 3E7 (sec CVirla ct aL, Prvc, Nad. Acad. 5d. USA, 
resdnatcd antibody. Each synthesis sire was a 400x400 jnn 25 (1990) 87:6378. incotpocated herein by reference). Addi- 
square. tional binary syntheses based on leads from peptides on 

The scan showed a range of fluorescence intensities, from phage experiments show that YGAFMQ (SEQ. ID No: 18), 
a background value <rf 3300 counts to 22,400 counts in the YGAFM (SEQ. ID No:19), and YGAPQ (SEQ. ID No:20) 
brightest square (x=20. y=9). Only 15 compounds exhibited give stronger fiuorcsccnce signals than docs YGGFM, the 
an intensity greater than 12300 counts. The median value of X) immunogen used to obtain antibody 3E7. 
the acray was 4,800 counts. Variations on the ^bove masking strategy win be valuable 

The identity of each pqjtide in the array could be deter- . in certain circumstances. For example, if a **kcmel'* 
mined from its x and y coordinates (each range from 0 to 3 1) sequence of interest consists of PQR separated from XYZ 
and the map of FIG. 10. The chemical imits at positions 2, and that the gi'm is lo synthesize pqjtides in which these 
5. 6, 9, and 10 arc specified by the y coordinate and those at 35 units arc separated by a variable number of different 
positions 1, 3, 4. 7, 8 by the x coord in gtr All but one of the residues, then tbe kexnd can be placed in each peptide by 
peptides was shorter than 10 residues. For example, the using a mask that has I's everywhere. The pdynomial 
peptide at x=12 and y=3 is YGAGF (SEQ. ID No3) representation of a suitable synthesis is: 
(positions 1, 6, 8. 9, and 10 arc nulls). YGAFLS (SEQ. ID • 

Ko:4). the brightest element of the amy. is at x=20 and y=9. 40 (FXQXRXA-^oXB+^XC+exiHOXXXYXZ) 

K is often desirable to deduce a binding affinity of a giycQ sixteen peptides will be famed, ranging in length from the 
peptide from the measured fluorescence intensity. 6-incr PQRXYZ to the lO-iner FQRABC3DXYZ. 
Concq)tually, the sinylcst case is ooe in wHdi a single Scvenl other masking strategies will abo find value in 
peptide bmds to a umvalent antibody molecule. The fluo- circumstances. By using a particular mask more 

resccnce scan is carried out after tbe sHde is washed with 45 two or more reactants wiU appear in tt« same set 

buffer for a defined tunc. TTie order of fltxsrcsccno: inten- products. For example, suppose that the mask for an 

saties xs then a n^asurc primarily of the relative dissociation g-step synthesis is 
rates of the antibody-pcptide cozr^jlexes. If the on-rate 
constants are the same (e.g^ if they arc diffusion-controlled), — 

the order of fluorescence intensities will oocrcspond to the 50 a IIIIOOCD 

order of binding affinities. However, tbe situation is some- B oooomi 

times more complex because a bivalent primary antibody ^ oouoou 

and a bivalent secondary antibody are used. The density of ^ loioioio 

peptides in a synthesis area cccre^>ooded to a mean sepa- f oioioioi 

ration of -7 nm. which would allow multivalent antibody- 33 ^ luioooo 

peptide interactions. Hence, ' fluorescence intensities H oooouii 

obtained ajcoording to the method herein will often be a 

qualitative indicator of binding afl&nity. The products are ACEG, ACFG, ADEG. ADFG, BCEH. 

Another important consideration is the fldeHty of synthc- BCFH, BDEH. and BDFH. A and G always appear together 
•sis. Deletions are produced by incomplete pbotodeproccction 60 because their additions were directed by the same mask, and 
Cff incomplete co(q>Ung. Tbe coupling yield per cyde in likewise for B and H. 
these experiiDents is typically between 85% and 959o. C. linker Selection 

In^leohenting the switdi matrix by masldng is imperfect According to prefened embodiments the linker molecules 
because of light diffiractioo, internal reflection, and scatter- used as an intermediary between the synthesized polymers 
ing. Consequently, stowaways (chemical units that should 6S and the substrate are seleacd for optimum length and/or 
not be onboard) arise by unintended illumination of regions type for msptxr/cd binding interaction with a xcccpusc 
that should be dark. A binary synthesis array contains many According to this aspect of the invention diverse linkers of 
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Tuying length aod/cff type are synthesized for subsequent 
xttkdunent of a ligand. liiroa^ vanaiioQS in the length and 
type of linker, it bcoon^ possitde to optimize the Unding 
intcraotioa between an immobilized ligand and its rcceptoc 
The degree of binding between a ligand (peptide, 
inhibitor, hapten^ drug, etc) and its receptor (enzyme, 
andbody, etc) when one of the partners is immobUized on 
to a substrate will in some cmbodimcQts depend on the 
accessibility of the receptor in solution to the immobilized 
ligand. The accessibility in torn will depend on tiie length 
and/oar type of linker molecule cs^loyed to immobilize ooe 
d the partners. I^ened cnibodlments of the invcntioa 
thcrcfcH-e employ the ULSIPS™ technology described 
bcrdn to generate an array of, preferably, inactive or inert 
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carboxyl group of an amino add, and the nature of the 
chemical synthesis will dictate wliich reactive group will 
require a protecting group. Analogously, attachment of a 
protecting gro4^ to the 5'-hydraxyl group <rf a nucleoside 
during synthesis using foe example, phosphatc-triestcr cou- 
pling chemistry, prevents the y-hydroxyi of ooe nudeoside 
from reacting with the 3'-activatcd phosphate-tricstcr of 
another. 

- Regardless of the specific use, protecting groups arc 
cn^loyed to protect a moiety on a molecule from reacting 
with ano&er reagent, ftotecdng groups of tbcjwesent inven- 
tion have the foUorwing characteristics: they prcvcnt'sdected 
reagents from modifying tiie group to whidi they are 
attached; they arc staHe (that is, they remain attached to the 
mcdecuk) to the synthesis reaction conditions; they are 



linkers of varying length and/or type, using photodicmical 15 removable under conditions that do not advcr^ly affect the 



protecting groups to sdectivdy expose different rt:^oa$ of 
Ihe substrate and. to buHd i^n chemically-active groups. 

In the sin^lcst embodiment of this concept, the same unit 
is iftirbcd to the substrate in varying rmilrfplcs or lengths in 
known locations on the substrate via VLSiPS™ techniques 
to generate an array of polymers of vaiying length. A single 
ligand (peptide, drug, hapten, etc) is attached to eadx of 
them, and an assay is performed with the binding site to 
cvaluale the degree of bitvling with a nccptoc that is known 
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remaining structure; and ooce icmoved, do not react appre- 
ciably with flic surface or surface-bound oligcancr. The 
selection of a suitable protecting group will d^>end, of 
course, on the chemical nature of the Hkonomcr unit and 
oligomer, as well as the specific reagents they are to protect 
against. 

In a prefcxrcd cmbodimffnt, the protecting groctps are 
photoactivaable. The propertiw and uses of pbotoreactivc 
protecting cocopounds have been reviewed. Sec, McOay et 



to bind to the ligand. In cases where the linker length 23 f^^^ ^ Biophyi, and Biophys, ChcTru (1989) 



in4>*cts the ability cf the receptor to bind to the figand, 
varying levels of binding win be observed. In general, the 
linVrf which provides the fairest binding will then be used 
to assay other ligands synthesized in accordance with the 
techniques herein. 

According to other embodiments the binding between a 
single ligand/reocptor pair is evaluated for linkers of diverse 
mooomcr sequence. According to these embodiments, the 
linkers arc synthesized in an array in accordance with the 
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18*^9-270. which is incosporatcd herein by reference. 
Preferably, the photosensitive protecting groups will be 
removatlc by radiation in the ultraviolet (UV) or visible 
portion of the clectromagzvctic ^jcctrum. More preferably^ 
the protecting groups will be rcnaovable by radiaCioa in the 
near UV or visible portion of the spectrum. In schhc 
embodiments, however, activation may be pcrfcsmed by 
other methods isu^ as localized heatings electron beam 
lithography, laser pumping, - oxidatioa or reductioo with 



techniques herein and have different- monomer sequence 35 microdcctrodes; and the like. Sulfonyl conqxainds arc suit- 

(and, optionally, different lengths). ThCTcaficr. all of the reactive groups fdc electron beam Uthography. Oxida- 

linker molecules arc provided with a ligand known to have xxvcoc reductive removal is aoromplisbed by exposure of the 

at least some binding affinity for a given receptor. The given protecting group to an electric current source, preferably 

receptor is then exposed to the ligand and binding affinity is ^^ing microclectrodes directed to the predefined regions of 

deduced linker molecules which provide adequate binding 40 t^c surface which are desired for activatioa. Other natthods 

between the ligand and receptor are then utilized in screen- ^lay be used in light of this disclosure, 

ing studies. Many, althougji not all, of the pbotorcmovabic protecting 

D. Protecting Groups groups will be aromatic con^xHmds that absorb ncar-UV and 

As discussed above, selectively removable protecting visible radiation. Suluble pbotorcmovabic protecting 

groups allow creation of well defined areas of substrate 43 ^^^^ ^ described in» for example, McCray et aL, 

surface having differing reactivides. Preferably, the protect- Patchonnk, J, Amen Chem. Soc. (1970) 92 :6333. and Amit 

ing groups arc selectively removed from the surface by ct aL, J. Org. Chcnu (1974) 39:192, whidi arc incorporated 

applying a apedfic activatoc, such as electroma g nrtic nufia- by reference, 

tion of a spoific wavelength and intensity. More preferably, ^ pccfared dass of photorcmovablc protecting groups 

the ^)cdfic activatpr exposes selected areas of surface to 50 the general fonnuia; 
remove the protecting groups in the exposed areas. 

Protecting groups of the present invcntioQ are used in 
conjuaction with solid phase otigomcr syntheses, such as 
peptide syntheses using natural or unnatural amino adds, 

nucleotide syntheses using deoxyiibonudeic and ribo- 5% 
nucleic acids, oligosaccharide syntheses, and the like. In 
addidon U> protectiag flic snbstratc surface from unwanted 
rcjbctioa, the protectiag groq>s block a reactive end of the 
monomer to prevent self-polymerization. For instance, 

attachroeat of a protecting group to the amino trrminu^ of an 60 where R\ R^, R', and R^ independently are a hydrogen 

activated amino acid, such as an N-hydroxysnodnimide- atom, a lower alkyl* aryl. benzyl, halogen, hydroxyl, 

activated ester of the amino add, prevents the amino termi- alkoxyl. thiol, thioether. amino, nitro, carboxyL formate, 

nus of one monomer from reacting with the activated ester formamido or pfaosphido group, or a<!yaccnt substicucnts 

pcfftion of another during p(^)dde synthesis. Altcmadvcly, (le., R*-R^ R^-R\ R'-R*) arc substituted oxygen groups 

the protecting group may be attached to the carboxyl group 65 that together form an cydic aoctal or ketal; R^ is a hydrogen 

of an amino add to prevent reaction at this site. Most atom, a alkoxyl. alkyl, hydrogen, halo, aryl, or alkenyl 

protecting groups can be attached to other the amino or the group, and d=0 or 1. 
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A pa ef cued protecting group, 6-nitrovcratcyl (NV). which 
ii used for protecting Ibc carfjoxyl tcxminui <rf an amino add 
or &C hydroxyl grocp of a nudcotidc for cxam^c. is 
fanned when and arc each a mclhoxygroup, R^ R* 
and R' are each a hydrogen atom, and d=0: 
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A preferred protecting group, 6-nitrovcrati7loxycaibonyl 
(NVOQ, which is used to protect the amino tmytnn^ of an 

amino add, for cxamfic is formed when R^ aad R^ arc each 
a mcthoxy group, R\ R^ andR^ are each a hydrogen atom, 
and 1^1: 



Another most preferred protecting group, methyl-6- 
nitrovcratryloxycarbonyl (MeNVOQ, which is Uicd to pro- 
tect the amino tenninos of an amino add, for example, is 

ftnmed when R^ and R^ arc each a metboxy groi^), R* ^d 
R arc each a hydrogen atom, R^ is a methyl grocp, and 
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Another prcfccred protecting group, 6-mtropipcronyl 
(NP), whidi is used for protecting the carboxyl terminus ai 
an amino add or the hydroxyl groop of a nucleotide^ foe 
example, is formed when R* and R^ together form a meth- 
ylene acctal. R*, R* and R^ arc each a hydrogen atom, and 
it=0: 
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Another most pccfcrred protecting group, methyl-6- 
nitropqxaonyl (McNP), wfaidi is used for protcctiDg the 
cartxjxyl tetcoinus of an amino add or the hydroxyl groi^) of 
a nudcotidc, for example, is formed when R= aiid R' 
together form a methylene acctaL R* and R'* arc ^^r^ a 
hydrogen atom, R^ is a ZDcthyl gro^>. and d=0: 
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Another preferred protecting group. 
6-nicropipcronyloxycarbonyl (NPOQ, which is used to pro- 
tcct the amino terminus of an amino add, for example, is 
formed when R^ and R^ together fom a methylene acctaL 
R\ R* and R^ are each a hydrogen atom, and 11=1: 
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Another most preferred protecting group, mcthyl-6- 
nitropiperonyloxycarbonyl (McNPOQ. which is used to 
-^3 protect the amino terminus of an amino add, f<ff cxaiiq)lc, is 
formed when R^ and R' together form a methyleac acctal, 
R^ and R* arc each a hydrogen atcm, R^ is a methyl groiy, 
and D=l: 
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A most preferred protecting group, mcthyI-6-niiroveratryl 
(MeNV), whidi is used for protecting the carboxyl tcnninus 
of an amino add or the hydroxyl group of a nucleotide, for 
example, is fanned when R^ and arc each a mcthoxy 
group, R^ and R"* arc each a hydrogen atom, R' is a methyl 
group, and n»0: 



^ A protected anodno add having a pbotoactivatablc oxy- 
carbonyl protecting group, such NVOC or NPOC or their 
cotrespooding locthyl derivatives, McNVOC or MeNPOC, 
rc^wdivcly, on ibe amino terminus is formed by acylating 
the aniii>c of the. amino add with an activtted oxycarbonyl 

63 ester of the protecting group. Examples of activated oxy- 
carbonyl esters of NVOC and McNVOC have the general 
formula: j • 
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where Y is a halogen atom, a tosyL mcsyi, trifluoromethyl, 
10 azido. or diazo groop, and the l^rr 

Another class of preferred photocheiiiical protecting 
groups has the formula: 
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where X is halogen, nixed anhydride, phenoxy, 
p-mtropheaoxy, N-hy<fraxysucdmn3ide. and the like. 

A protected amino add or nodeotkle having a photoac- 
tivjitable protecting groop, such as NV or NP or their 
corresponding methyl derivatives. MeNV or MeNP, 
icapectively, oa the czrboxy (ccninus of the amino add or 
5*-hydroxy terminiu d the nadeodde« is fooned by acylat- 
ing the caitx>xy trrmiwij or ^-OH with an activated baizyl 
derivative of the protecting group. Exarqples of activated 
benzyl derivatives of MeNV and MeNP have the general 
formula: 
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^ where R^, R\ and independently arc a hydrogen atom, a 
lower alkyl aiyl, benzyl, halogen, hydroxyl, allcoxyl, thioU 
Ihioctha, amino, mtro» carboxyU focmate, focmamido, 
solfanates, sulfido or pbosphido gcoop, R'* and R* indepen- 
dently arc a hydrogen atom, an alkoxy. alkyL halo, aryl, 

^ hydrogen, or alkenyl grot^, and &=0 or 1. 

A preferred protecting group, 
1-pyrcnylmethyloxycarbonyl (PyROQ, which is used to 
protect the amino tcxminus of an anuno add, for example, is 
fonncd when R^ throu^ R* arc each a hydrogen atom and 

33 D=l: 



40 



where X is halogen, hydroxyl, tosyU mcsyl, trifluoaacthyl, 
dlazo, azido, and the Hkr. 

Another method for generating protected monomers is to 
react the benzylic alcohol derivative of the protecting groop 
with an activated ester of the monocncr. For exaix^lc, to 
protect the carboxyl terminus of an amino add, an activated 
ester of the amino add ii reacted with the alcohol denvative 
of the protecting group, such as 6'nztrovcratiol (NVOH). 
Examples of actxvatcd esters suitable for such uses indude 
bakvfoanate, mixed anhydride, imidazoyi formaier acyl 
halidc, and also indudes focmatioa of the activated ester in 
situ the use of cviu ii on reagents such as DCC and the like. 
See AthertOQ ct aL for other crmnples of activated esters. 
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Another preferred protecting group, 1-pyrenylmethyl 
(PyR), which is used for protecting the carboxy terminus of 
an amino add or the hydroxyl group of a nudcotide, for 
exai]:^>le, is formed when R* through R' arc each a hydrogen 
atom and n=0: 
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A further method for generating protected monomers is to 
jeact the benzylic alcohol detivitive of the protecting group 6o 
with an activated caibon of the roononvT For cxan:plc to 
protect the 5*-hydroo;yl group of a nuddc add, a derivative 
having a ^'-activated carbon is reacted with tbe alcohol 

derivative of the protecting group, such as methyl-6- An amino add having a pyrenylmethyloxycarboayl pro- 
nitropipcronol (McPyROH). FxjTnples of nndeoddes hav- 63 tecting gcoup on its andtko terminus is formed by acylation 
ing activating groups attached to the 5'-hydraxyl group have of the free amine of amino add with an activated oxycar- 
the general fonnula: bonyl ester of the pyrenyl protecting group. Examjdcs of 
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activaied oxycarbonyl esters of PyROC have the general 
fonnula: 
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whcrcXishalogcn,orinixedanhydti<ie, p-nitrcj^enoxy. or 13 
N-hy<hx)xysucdniimdc group* and the like, 

A pioiected amino acid or nucleotide having a photoac- 
tivataWc protecting group, sach as PyR on the carboxy 
tcnninus of the amino add or y-hydroocy tcaninas of the 
nudcic add, respectively, is formed by acylating the car- 20 
boxy t cmrinn s or 5'-0H with an activated pyrcn^naethyl 
derivative of the protecting group. Examples of activated 
pyrenylmcthyl derivatives of PyR have the general foannla: 
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where X is a halogen atom, a hydroxyl, diazo, or azido 
group, and the like. 

Another method of generating protected monomers is to 
rcart the pyrenylmcthyl alcohol moiety of the protccting 
group with an activated cslcr of the monomer. For example, 
an activated ester of an amino acid can be reacted with the 
alcohol derivative of the protecting group, such as pyrenyl- 
methyl alcohol (PyROH). to form the protected derivative of 
the carboxy terminus of the amino add. Examples of acti- 
vated esters include halo-focmate, mixed anhydride imida- 
royl formate, acyl halidc, and also indudcs formation of the 
activated ester in situ and the use of coimnon reagents such 
as DCC and the like. 

Qeariy, many photosensitive protecting groups arc suit- 
able for use in the present invention. 

In preferred embodiments, the substrate is irradiated to 
remove the pbotoremovable protecting groups and create 
regions having free reactive moieties and side products 
resulting from the protecting group. The removal rate of the 
protecting groups dfpcnds on the wavelength and intensity 
of the inddent radiation, as wcQ as the physical and chemi- 
cal properties of the protccting. group itsdf. Prefcncd pro- 
tecting groups arc removed at a fester rate and with a lower 
intensity of radiation. For example, at a given set of 
conditions, McNVOC and McNPOC arc photolytically 
removed from the N-tcrminus of a peptide r^^n faster than 
their uosubstituted parent cotnpounds, NVOC and NPOC, 
rcspcctivdy. 

Removal of the protecting groi^ is accomplished by 
irradiation to liberate the reactive group and degradation 
products derived from the protecting group. Not wishing to 
be bound by theory, it is believed that trradiatioa of an 
NVOC- and McNVOC-proiected oligomers occurs by the 
following reaction schemes: 
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NVOC- AA -*3 ,4-dimeihoxy-6-nitro3 obenzaldehy de-i- 
CO2+AA . 

McNVOC-AA-^3.4-dimcthoxy-6-iutrosoacctopbenonc4- 
C0j4AA 

where AA represents the N-terminus of the amino add 
oligomer. 

Along with the unprotected amino add, other products arc 
liberated into sc^ution: carbon dioxide and a 23-dimethoxy- 
6-nitros9phcnylcarbonyl compound, which can react with 
nudcopidlic pcations of the oligomer to focm unwanted 
sccontfaiy reactions. In the case of an NVOC-protcctcd 
amino acid, the degradation product is a 
nitrosobenzaldchyde, while the degradation product for the 
other is a nitrosc5)heiiyl ketone. For instance, it is believed 
that the product aldehyde from NVOC degradation reacts 
with free amines to form a Schiff base (imiuc) that affects the 
remaining polymer synthesis. Preferred photoremovaWe 
protecting groups react slowly or rcvcrsibly with the oligo- 
mer on the stqjport 

Again cot wishing to be bound by theory, it is believed 
that the product ketone from itradiatioa of a McNVOC- 
protected oligomer reacts at a slower rate with nudecphiles 
on the digCHncr than the j^oduct aldehyde from irradiation 
of the tame NVOC-protectcd oligomer. Although not unam- 
biguously determined, it is bdieved tha this dififerci>ce in 
reaction rate is due to the difference in general reactivity 
between aldehyde ai>d krtooes towards nuclecjAilcs due to. 
stcric aDd clcctroiuc cScds. 

The phocoremovable protecting groups of the present 
invention arc readily retooved. For example, the photolysis 
of N-protectcd L^cnylalanine in solution and having dif- 
ferent photarcmovaWe protecting groups was analyzed, and 
the results arc presented in tbe following table: 

TABLE 
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Pb0*jW« of Proterted L-PU— OH 










Solreoi NBOC 


KVOC MoKVOC 


UeNPOC 




110 24 


19 


5 xnM HtSO^/DknMc 1575 


9€ 33 


72 



The half life, tl/2, is the time in seconds required to 

45 remove 50% of the starting amount of protccting group. 
NBOC is the 6-nitrobenzyloxycarboayl groi^, NVOC is the 
6-nitrovcratrylaxyarbonyl groc^), MeNVOC is the mcthyl- 
6-mtrovcratryloxycarbonyl group, and MeNPOC is the 
methy l-6-nitrop ip u onyloxycarbooyl group. The photolysis 

50 was carried out in the indicated solvent with 362^364 
mn-wavclength iaadiation having an intensity of 10 
mW/cm', and the concentration of each protected phenyla- 

lanirvt was 0.10 mM. 

The table shows that dcprotection of NVOC-, McNVOC-, 

55 and McNPOC-protccted phenylalanine proceeded faster 
than the dcprotection of NBOC Furthermore, it Aows that 
the dcprotection of the two derivatives that arc substituted 
on the bcnzylic carbon. MeNVOC and McNPOC were 
pbocolyzcd at the highest rates in both dioxane and acidified 

^ dioxane. 

1. Use of Pt>otoranovablc Groups Daring Solid-Phase 
Synthesis of Peptides ^ 

The formation of pq}tidcs on a solid-phase support 
requires the stepwise attachment of an amino add to a 
65 substrate-bound growing chain. In order to prevent 
unwanted polymerization of the nonomcric annno add 
under the reaction conditions, protoctioa of the amino tcr- 
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zniflas of the amino add is rcqiiired. After the zooaomcr is 
coupled to the end of the pcp6dc, the N-tominal protecting 
groQp is removed, and another amino add is coi^led to the 
chain. This cyde of coupling and dqxotccdng is continued 
for each amino add in the p^tide sequeoce. See Mexrifidd. ^ 
y. Afru Ch^m. Soc, (1963) 85-.2149, and Athcrton et aL. 
••Solid Phase Peptide Synthesis*' 1989. IRL Press. Ijondou. 
both incorporated herein by reference for all purposes. As 

described above, the use erf a pbotorcmovable protecting where B is the base attached to . the sugar ring; R is a 
group allows removal of sdected portioas of the substrate ^° hy^gcn atom when the sugar is deoxyribose or R is a 

Lface, via patterned irradiation, during the dqirotectior ^ ^ ^y?^^} 5°^'*'^'' '""^ is nbose; P repr«ents an 
, - . J. . -« . , .JA. n actrvaled phosphorous group; and X xs a photorcmovable 

cyde of the sohd phase synthesis. This sdectiydy allows p,,^^^^ photSinovable protSiiig group. X. 
spatial control of the synthesis— ihc next ammo aad is preferably NV, NP, PyR. MeNV. MeNP. and the like as 
coupled only to the irradiated areas. described above. The activated phosphorous gnxg). R is 

In one embodiment, the photorcmovable protecting . preferably a reactive derivative having a high coupling 
groups erf the present invention are attached to an activated effidency, such as a phosphate-triester, phosphoca midi te or 
ester of an amino add at ti>e amino tenmnus: the 12ce, Other activated phosphorous derivatives, as wdl as 

reaction conditions, are well known (See Gait). 
Y NH— X 20 ^ Amino Add N-Carboccy Anhydrides Protected With a 

Photorcmovable Grot^ 

During Merdfield pq^tide synthesis, an activated ester of 
one amino add is coupled with the free amino tenmnus of 
a substrate-bound oHgonkcz: Activated esters of amino adds 
where R is the side chain of a natural or unnatural amino suitable for the soKd phase synthesis indude halo-fbrmite, 
add, X is a photorcmovable protecting group, and Y is an ^ mixed anhydride, imidazoyl fofmate. acyl halide, and also 
activated caibaxylic add derivative. The photoremovahlc indtjdcs foanation of the activated ester in situ aod the use 
protecting group, X is preferably NVOC, NPOC P^OC of common rcagenu such as DCC and the like (Sec Alberton 
MeNVOC MeNPOC, and the like as discussed above. The ct aL). A pcefexred protected anact activated amino *dd has 
activated ester, Y. is prefcribly a reactive derivative having ^ the general formula: 
a high coupling cfEidcncy, such as an acyl halide, mixed 
anhydride, N-hydroxysucdnLmide ester, perfluorophenyl 
ester, or urcthane protected add, and the like. Other acti- 
vated esters and reaction conditions arc well known (See 
Atherton ct al,). 35 xo_ 

2, Use of Pbotorcmovable Groups During Sdid-Phasc 
Synthesis of Oligoaudeotidcs 

The foanation of oUgonudeotides od a solid-phase sup- 
port requires the stepwise attachment of a nudeotide to a where R is the side chain of the annno add and X is a 
substrate-bound growing oligomer. In order to jrcvent ^ photorcmovable protecting group. This conqxwnd is a 
unwanted polymerization of the moQomcric nudeotide urcthanc-protected amino add having a pholocciDOvablc 
under the reaction conditions, protection of the ^-hydroxyl protecting group attach to the amine. A more preferred 
group of the mideotide is required. After the monomer is 'f^ ^ formed when Ac photorcmovable 

coupled to the end of the cagomer. the y^droxyl protect- P«*^ E^P ^ E«eral fonnula: 
ing group is removed, and another nucleotide is coupled to 
the chain. This cyde of coupling and depcotocting is con- 
tinued for eadi nucleotide in the oligomer sequence. See 
Gait, **tligonudcotide Synthesis: A Practical Approach** 
19S4. IRL Press, London, inocrporated herein by xcfcrence 30 
for all purposes. As described above, the use of a pbotire- 
movable protecting gro^ allows removal, via patterned 
irradiation, of selected portions of the substrate surface 

daring the deprotcction cyde of the solid phase synthesis, where R*, R^ R', and R* mdepcndcnlly arc a.hydrogen 
This sdectivdy allows ^witial control of the synthcjis-the 33 atom, a lower aUcyL aryl, benzyl, halogen, hydroxyl, 
next nudeotide is coupled only to the irradiated areas. alkaxyl, thiol, thiocthcr, amino, nitro, carboxyU focmate. 




Oligonudeodde syn^dz gcoo^y involves OH^ling « ?™ J, ^ 
•ctiv^cd ^spbocou, dmvadvc on 0>c Z A^y^l group S^',^* f ^Jc'Z^^^^^^. 

or . nodeoddc with the 5'-hydtoxyl gro^p of w oligomer ^ ^ ^ ^ hydrogeo. hilo. «yl, or • 

bound to «job<isuppat.TWom«jorchenuciiinea>o<lienst alkenyl groin). 

to perfonn this coupling: the phosphatc-triestcr and phos- ^ prefencd »ctiv«ted anano add is formed wbcn the 
phorimidite methods (See Grit). Protecting groups of the photorcmovable protecting group is 
present invention are suitible for use in either method. 6-iiitrovcrali^axycaibonyL "Hiat is. R' and R* are cjcfa a 

In a pref QTcd embodiment, a photoremovable protecting 63 hydrogen atom. R^ and are each a methoxy group, and 
group is attached to an activated nucleotide on the R'is a hydrogen atom. Another pt ef e x red activated amino 
S'-hydroxyl group: acid is formed when the photoremovable group is 
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6-mtrOTipcron)i: and R* arc each a hydrogen atom- R^ 
and R together form a mcthylcjic acctaL and R^ is a 
hydrogen atom. Other protecting groups arc possible. 
Another prcfcucd activated ester is formed when the pho- 
torcmpvable -groig) is inethyl-6-nitrovcmryl cr methyl-^ 
mtropipcronyl. 

Another prefarcd activated amino add is formed when 
the photorcn^ovahle protecting group has. the general te- 
mnla* 




where R^, R\ and R' independently are a hydrogen atom, a 
lower alkyU aiyL benzyU halogen, hydroxyl, aUmxyL thiol 
thiocthcr, amino, nitro. carfooxyl, formate, focmamido. 
sulfanatcs, sulfido or pbosphido group, miA R* and R^ 
independently arc a hydrogen atom, an alkoxy. alkyl, halo, 
aryL hydrogen, or aOcenyl group. The resulting con^xKznd is 
a crcthane-protccted amino and having a pyrenyimcthy- 
loxycarbonyl protecting grodp attached to the amine. A more 
preferred embodiment is fanned when R^ througji are 
each a hydrogen atom. 

The urcthanc-protectcd amino acids having a photore^ 
movable protecting group of the present invention arc jre- 
pared by condensation of an N-protccted amino acid with an 
acylating agent such as an acyl halidc, anhydride, chloro- 
formatc and the Iflcc (Sec FiiUcr ct aL, U.S. Pat. No. 
4,946^2 and Fuller et aL, J. Amcr. Chart. Soc. (1990) 
112:7414-7416, both herein incorporated by reference for 
all purposes). 

Urcthane-protcctcd amino adds having photorcmovablc 
protecting groups arc generally useful as reagents during 
solid-phase pepiide synthesis, and because of the spatially 
selectivity possible with the photorcmovable protecting 
group, arc especially useful for the spatially addressable 
peptide synthesis. These amino acids arc difunctiooal: the 
urethane group first serves to activate the caibaxy terminus 
far reaction with the amine bound to the surface and, once 
the peptide bond b fooned, the photoremovable protecting 
group protects the newly formed amino terminus from 
further reaction. These amino adds are also highly reactive 
to Dudeopfailcs, 5udi as dcprotectod amii>es on the snrface 
of the soHd support, and due to this high reactivity, the 
soUd^phasc peptide coupling times arc signiilcantty reduced, 
and yields are typically higher. 

IV. Data CoUectioo 
A. Dau Collection System 
* Substrates prepared in accocxlance with the above desciip- 
tioa are used in one embodiment to detcnmne which of the 
plurality of sequences thereon bind to a receptor of interest 
FIG. 11 illustrates one embodiment of a device used to 
detect regions of a substrate which contain flouresccot 
markers. This" device would be used, for example, to detect 
the presence or absence of a labded rec^Kor such as an 
antibody which has bound to a synthesized polymer on a 
substrate. 

Light is directed at the substrate from a light source 1002 
such as a laser li^t source of the type well known to those 



W,305 

30 - 

of sidll in the art such as a modd no. 2025 TTwi/> by Spcoia 
Physics, light from the source is directed at a lens 1#^ 
which is preferably a cylindrical lens of the t>pe well known 
to tiiodc of skill in the art The resulting ouqxit from the lens 

3 lOMisaliDcar beam rather than a spot of light, resuldag in 
the c^mHU^ to detect data substantiaUy simultaneously 
along a linear array of pixels rather than on a pixd-by-pixd 
basis. It will be undciitood ttiat a cylindrical .lens is used 
herein as an iUustratioa of one tedmique f cr generating a 
linear beam of light on a surface, but that other techniques 
could also be utilrced. 
The beam from the cyiindtical lens is passed throu^ a 

: dichroic mirror or prism (IfW) and directed at the surface 
of the suitably prepared substrate 1W8. Substrate IMS is 

placed on an x-y translation stage 1W9 such as a tnodd DO. 
" . PM5(X>-8 made by Newport Ij^ at certain locations on the 
substrate will be fluoresced and transmiucd along the path 

indicated by daAed lines bade through the dichroic mirror, 
and focused with a suitable lens 1019 such as an VIA 
camera lens oo a linear detector UU via a variable f stop 

20 focusing lens 1«14. Throo^ use cf a linear light beam, it 
becomes possible to generate daU over a line of pixels (such 
as about 1 cnO along the subs&atc, rather than from indi- 
^Aial points on the substrate. In alternative embodimcots, 
li^t is directed at a 2-diTnmtional area of the substrate and 

23 fluoresced light detected by a 2-dimeasioaal CCD array. 
Linear detection ia prcferxcd because substantially hi^icr 
power dctt^M arc obtaiited. 

Detector 1«12 detects the amount of li^ fluoresced from 
the substrate as a function of positiofl. According to oce 

30 embodiment the detector Is a liiaear CCD array cf the type 
ccamnoBly known to those of akin in the art The x-y 
translation stage, the li^t sotnce, aad the detcctcc 1012 are 
all opcrably connected to a con^xiter 101^ such as an IBM 
PC-AT or equivalent for control of the device and data 

3J coEecdon from the CCD array. 

In opcratioQ. the substrate is appropriately posttiooed by 
the translation stigc. The light source is then fH.irmn.r^ 
and inr c nsity data are gathered with the coir^xitcr via the 
detector. 

« FIG. 12 iUustrates the ardutccture cf the data collection 
system ia greater, detail Operation of the system occurs 
under the direction of the photon counting p rogrjin 
(photon), indudcd herewith as Appendix B. The user inputs 
the scan dimensions, the number of pTrW cr data points in 

43 a res^on, and the scan speed to the counting program. Via a 
GPIB bus 11*4 the program (in an IBM PC compatible 
conqxita, for cximplc) interfaces with a wiit>Hrtii»TinH scaler 
llf6 such as a Stinford Research SR 430 and an x-y stage 
controller IIW such as aPMSOO. The signal from the 

30 from the fluorescing substrate enters a photon cxHmtcr lllf , 
providing ou^ to the scaler 11#6. DaU arc oo^ from the 
scaler indicative of the number of couats in a given regioo. 
After sftnrring a selected area, the stage controller is acti- 
vated with commands for acoderation and vdodty, which in 

53 turn drives the scan stage 1112 such as a PM500-A to 
another r^on. 

Dxu are collected in an image data file 1114 and pco- 
cesscd in a scaling program lU^, also included in Appendix 
B. A scaled image is output for display on, for example, a 

60 VGA display 1118. The isuge is scaled based on an izq)at of 
the pcnxntage of pixels to clq> and the m.nimimi and 
marimnm pixd Icvds to be viewed. The system outputs for 
use the min and max pixd levels in the raw Hafa 
B. Dau Analysis , 

^ The OQ^t from the data ooIlectioQ system is an array of 
daU indicative of fluorescent intensity versus location on the 
substrate. Tbe daU are typically taken over regions suhstan- 
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tiilly smaller thin the area in which synthesis of a given 
polymer has tatei place. Merely by way of cxanple, if 
polymers were synthesized in squares on the substrate 
having dimcnsioGs of 500 miooos by 500 microns, fee data 
may be taVrn over rcgioos having dimensions of 5 microns 
by 5 microns. In most prcfenred embodiments, the regions 
over which fionrcsccncc dau arc taken across the substrate 
are less than aboct V4 the area of. the regions. in which 
individual polymen arc synthesized, preferably less than ^lo 
the area in which a single polymer is symbesizcd. and most 
preferably less than Moo the area in which a single polymer 
is synthesized Hence, within any area in which a given 
polymer has bcca synthesized, a large ntmibcr of fluore^ 
ccnce data pc^ts arc colkcced. 
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At step 1312 the system then integrates the data within the 
bandwidth for each of the selected cells, sorts the data at step 
1314 using the synthesis proccdarc file, and di^lays the data 
to a usa on, for cxan^, a video display or a printer. 

5 

. V, Representative Applications 
A. OligoQuclcotidc Synthesis 
The generality -.of li^t .dffected • spatially -addressable 
r . • parallel chemical syirfhcsisis demonstrated by application to 
IQ nudeic add synthesis. 
1. Example 

Light activated formation of a thymidinecytidine dimcr 
was carried out A three dimensional rcpiescnUtion of a 

. fliiorescttncc scan showing a checkerboard pattern generated 

A plot of number of pixels versus intensity for a scan of is ^ li^t-directed synthesis of a dinudcotidc is shown in 
a ccU when it has been exposed to, for cximjdc. a labekd 8. 5-nitrovcratiyl thymidine was attached to a syntbe- 

tntibody will typically take the foan of a bell curve, but s"s*fratethrougihthe3*hydrcDcylgroup.Thcmtrovcra 

spurious data are observed, particulatiy at higher intensities, • • projecting gro<^ were removed by ilhmiinarion thrw 
Since it is desirthle to use an average of fluorescent intensity diccteboard mask. The substrate was then treated 

A given synthesis region in dctctmimng relative binding ^ pho^ofamiditc activated 2'-deoxycytidine. In order to 

gffinhy , these spurious data will tend to undesirably skew the f^iOow the reaction flnoromctrically, the deoocycytidine had 

data. t>«« nK>dified with an FM(X: protected amiQchexyl linker 

attached to the cxocycHc «mine (y-O-dixorthoxytrityl-^-N- 

(6-N-fluorcnylmethylcarbainoyl-hexylcarboxy).2'- 
deoxycytidine). After removal of the FMOC protecting 
25 group with base, the regjoos which contained the dinocle- 
otide were flnoresocotly labelled by treatment of the sub- 
stntcwith 1 mM mC in DXIF f or one hour. 

The ihrcc-dimcnsioaal ngirescntation of the fluorescent 
intensity data in FIG. 14 deariy reprodoces the checker- 



crvcr a given synthesis region in dctectnimng relative binding 20 ^P*^^ - 

aflSjiitv. these sourioui data will tr^nA tn nMMrsVJv ct^-n/ tv* foQow the reaction fluorometrically, the deoxycytidine had 

been modf* ' ' ' 

Accordingly, in CQc embodiment of the invcntioQ the data 
are cocrccted for removal of these spurious data points, and 
*n average of the data points is thereafter utilized in deter- 
mining relative >^n^'qg efficiency. 

FKj. 13 lUujtrates one embodiment of a system fcr 
removal of spurious data from a set of fit3oresccnce data such 
as data used io affinity screening studies. A user or the 

system ir^ts daU relating to the chip location and ccU - - - j .^^^^ 

cocnen at step 1302. ftom this infocmadon and the image ^ board illnminatioa pattern used daring photolysis of the 

file, the TVXtfm CT^Mj^ a romrvTtj^r T^^^ ^ . mhOrat/L Thtt n»^1f _- 



substrate. This result demonstrates that oiigOBUclcotidcs as 
wen as peptides can be synthesized by the light-directed 
method. 



file, the system creates a conqxrtcr represeatztion of a 

histogram at step 13W. the histogram (at least in the form of 
a o omp ytfrr .file) plotting number of data pixels versus 
intensity. 

For each ocli a main daU analysis loop is then pcrfocmcA 35 
For each cell, at step 13*6, the system rainii«f/^ the total 
intensity or number of pixds for the bandwidth centered 
around varying intensity levels. For cxangile. as shown in 

the plot to the right of step 13#6, the system calculates the rr w«s,,« vuv. ^ 

number of pixels within the band of width w. The system ^ blocks that can be cot^Jed in a soUd-phasc focmat, 

then **movc3" this bandwidth to a higher center intensity, and ^ ^vhca light can be used to genera:te a reactive grxHip. 



VL Conclusion 

^ The inventions herein provide a new approach for the 
simultaneous synthesis of a large nmnbcr of compounds. 
The method can be applied whenever one has chemical 



again c a lniUtcn the number of pixels in the bandwidth. This 
process is repeated until the entire rwgc cf intensities has 
been scanned, and at step 13*8 the system determines which 
bwd has the highest total number of pixels. The dau withm 
this bandwidth arc used for finthcr analysis. Assuming the 
bandwidth is sdocted to be reasonably »mjli this procedure 
will have the effect of ^lTTmn«ring spurious data located 
the higher intensity levels. Tbc system then repeats at step 
1310 if all cells have been evaluated, or repeats fcr the next 
cclL 
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The above description is iUustrativc and not restrictive. 
Mwy variations of the invention will become ipparent to 
those of skill in the art upon review of this .disclosure. 
M erdy by way of example, while the invention is illustrated 
primarily with regard to peptide and nucleotide ayntheais, 
the invention is not so limited. The sccpc <rf the invention 
should, therefore, be determined not with reference to fee 
above dcsadptioa, but instead Aould be determined with 
reference to the i^)pended claims along with their full scope 
of equivalents. 
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What is claimed is: lo 

1. An array of oligonucleotides, the array comprising: 
a planar, non-porous solid support having at least a first 

surface; and 

a plurality of different oligonucleotides attached to the 
first surface of the solid support at a density exceeding 15 
400 different oligonudeotides/cm^, wherein each of tiie 
different oligonucleotides is attached to the surface of 
the solid support in a different predefined region, has a 
different determinable sequence, and is at least 4 nucle- 
otides in length, 20 

2. The array of claim 1, wherein eadi different oligo- 
nucleotides is from about 4 to about 20 nucleotides in length. 

3. The array of daim 1, wherein each different oligo- 
nudeotide is at least 10 nucleotides in lengtii. 

4. The array of daim 1, wherein each different oligo- ^ 
nudeotide is at least 20 nudeotides in length. 

5. The array of daim 1, wherein the array con^xrises at 
least 1,000 different oligonudeotides attached to the first 
surface of the solid support 

6. The array of claim 1, wherein the array comprises at 
least 10,000 different oligonudeotides attached to the first ^ 
surface of the solid support 

7. The array of claim 1, wherein each of the different . 
jpredeiined regions is physically separated from each oUxcr of 
the different regions. 

8. The array of claim 1, wherdn said planar non-porous 35 
solid support is glass. 

9. The array of claim 1, wherein said oligonucleotides are 
attached to the first surface of the solid support through a 
linker group. 

10. The array of daim 1, wherein the oligonudeotidc in 40 
the different predefined regions are at least 20% pure. 

11. The array of daim 1, wherdn the oligonudeotides in 
the different predefined regions are at least 50% pure, 

12. The array of daim 1, wherein the digonudeotide in 
the different predefined regions are at least 80% pure. 

13. Hie array of daim 1, wherein the oligonucleotide in 
the different predefined regions are at least 90% pure. 

14. The array of daim 1, wherein said array is produced 
by a binary synthesis process, said process comprising the 
steps of: ^ 

providing a planar, non-porous solid suppoart, said solid 
support having a plurality of con^unds immobilized 
on a stirface thereof, said compounds having protecting 
groups coupled thereto; 

dcprotecting a first portion of said plurality of conqwunds 
on said surface and not a second portion of said 55 
plurality of conopounds; 

reacting said first pc»tion of said plurality of coinix)uiids 
witii a first component of said oUgonudeotide; 

d^rotecting at least a third portion of said plurality of 
coirqKHUids on said surface, said third portion compris- ^ 
ing a fiction of said first portion of said plurality of 
compounds; 

reacting said at least third portion of said plurality of 
compounds with a second coinponent of said oHgo- 
nudeotide; and 65 

optionally rq>eating said binary synthesis steps to produce 
said oUgonudeotide array. 



15. An array of polynudeotides. Hat array comprising: 
a planar non-porous solid support having at least a first 

surface; and 

a plurality of different polynucleotides attached to the first 
surface of the solid support at a density exceeding 400 
different poly nudeotides/cm^ wherein each of the dif- 
ferent polynudeotides is attadied to the surface of the 
solid support in a different predefined region, has a 
different determinable sequence, and is at least 4 nude- 
otides in lengdi. 

16. The array of daim 15, wherdn each different poly- 
Dudeotide is at least 20 nudeotides in length. 

17. The array of daim 15, wherdn the array con^xises at 
least 1,000 different polynudeotides attached to the first 

surface of the solid support 

18. The array of daim 15, wherdn the array comprises at 

least 10,000 different polynudeotides attached to the first 
surface of Hic solid support 

19. The array of daim 15, wherein each of the different 
selected regions is physically separated from each of the 
other selected regions. 

20. The array of claim 15, wherein said planar non-porous 
solid support is glass. 

21. The array of daim 15, v^erein said polynudeotides 
are attached to the first surface of the solid support through 
a linker group. 

22. The array of claim 15, wherein the pdynudeotides in 
the different predefined, regions comprise polynudeotides 
that are at least 20% pure. 

23. The array of daim 15, wherein the polynudeotides in 
the different pred^ed regions con^se polynudeotides 
that are at least 50% pure. 

24. The array of daim 15, wherein tiie pdynudeotides in 
the different jK-cdefined regions are at least 80% pure. 

25. The array of daim 15, the polynucleotides in tibe 

different predefined regions are at least 90% pure. 

26. The array of daim 15, wherdn said array is produced 

by a binary synthesis process^ said process corr^sing the 
steps of: ^ 
providing a planar, non-porous solid support, said solid 
support having a pluraHty of compounds immobilized 
on a surface thereof, said con^pounds having protecting 
groups coupled thereto; 
deprotecting a first portion of said plurality of compounds 
on said surface and not a second portion of said 
plurality of compounds; 
reacting said first portion of said plurality of compounds 

with a first reactant; 
deprotecting at least a third portion of said plurality of 
coir^x>uads on said surface, said third portion conqnls- 
ing a fraction of said first portion of said plurality of 
compounds; 

reacting said at least third portion of said plurality of 

compounds with a second reactant; and 
optionally repeating said binary synthesis steps to produce 
said pdynudeotide array. 
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